Methods
Data were compiled from our diabetes education program in Chia-Yi Christian Hospital in Taiwan. 3451 diabetic patients who completed at least one year of follow up from Jan 2011 to the end of 2011 were included in this survey. 69 patients with type 1 diabetes mellitus were excluded. Twelve patients with type 2 diabetes mellitus who were less than 18 years of age were excluded. 130 patients with incomplete data were excluded, too. Finally, 3240 type 2 diabetic patients were included. All patients have annual data collection after they entered the education program.
Assessment of Leisure Time Physical Activity (LTPA): LTPA was assessed initially and then once every year after they entered education program. They were asked about the type of physical activities that they were involved most during the prior three months, e.g. walking, jogging, cycling, swimming, dancing and other exercise. They were also asked the average frequency (times/week) and duration of activity each time (min/ Abstract Background: Exercise is an integral part of the diabetes management and prevention. However, it is hard to maintain and to reach current recommendation due to the unavoidable aging process. This cross-sectional study investigates our type 2 diabetes patients participating in our DM education program from January to December 2011 to find out if low to moderate physical activity could have benefits and to investigate if there were sex-differences of benefits.
Results: In 3240 type 2 DM patients, 53.7% had Leisure Time Physical Activity (LTPA) but only 24.7% had adequate LTPA. Those who had adequate physical activity had lower BMI, longer DM duration (10.4 ± 7.6 vs 8.4 ± 6.8 years). Significantly less smoking, betel-nut chewing and alcohol drinking habits in male adequate LTPA group was found. The benefits of exercise in male subjects includes lower hemoglobulin A1C (7.4 ± 1.4 vs 7.9 ± 1.8%), lower diastolic blood pressure (80.0 ± 11.6 vs 82.9 ± 12.2 mmHg), triglyceride (136.8 ± 89.0 vs 152.3 ± 114.0), GPT (34.8 ± 29.0 vs 39.8 ± 37.3), Creatinine (1.20 ± 0.45 vs 1.28 ± 0.94). The benefit of exercise in female is lower GPT only (30.6 ± 27.5 vs 34.4 ± 31.2). The difference might be a result of less exercise intensity and volume in female subjects. The mean METs are 3.4 ± 1.1 in male and 3.1± 1.0 in female, P= 0.000, MET min/ week are 1303.7 ± 792.4 (38.5) in male group, 1188.6 ± 757.7 (39.01) in female group respectively, p=0.036. Correlation analysis showed exercise volume is the determinant of better glycemic control.
Introduction
The incidence of type 2 diabetes mellitus is increasing dramatically all over the world. Though there is a genetic predisposition, its occurrence is linked to obesity and inactivity [1, 2] . Exercise is an important part of the diabetes management time). For example a patient would say that the activity she did most often was walking and she had walked 30 min each time, 5 times weekly. We also asked her about the intensity of selfperceived exertion and the distance she walked in 30 minutes. Then according to 2011 Compendium, we can find the estimate exercise intensity, expressed in METs (metabolic equivalents). Then we summed the activities with weekly time to yield a MET-min/week score. One MET is the energy expended by sitting quietly which is equivalent to 3.5ml/min/kg of oxygen consumption. Though Clinical data including smoking, alcohol drinking habits were collected by diabetic educators at baseline and then yearly. Stroke was defined as any past ischemic stroke or hemorrhagic stroke admission or image study indicating old stroke like lacunar infarction. Coronary artery disease was defined as any past admission for unstable angina, acute coronary syndrome or angiography result compatible with coronary artery disease or history of angioplasty or bypass surgery.
Measurements of anthropometrics, foot examination were done by trained educators. Venous blood samples were collected after 12 hour overnight fasting. The data collection was approved by Ditmanson Medical Foundation, Chia Yi Christian hospital IRB 201016.
Statistics and data analysis
The clinical and biochemical features of the patients were described as mean ± SD (SEM) or percentages. A one-way Analysis of Variance (ANOVA) was used to compare baseline characteristics between three groups of continuous variables. Bonferroni correction was applied to locate differences between LTPA groups. A chi-squared test (χ 2 ) was used to compare baseline characteristics between categorical variables. To investigate the correlation with exercise volume and exercise intensity with metabolic risk factors, Pearson's correlation test was used. Statistical comparisons were considered significant when p value were < 0.05. All statistical analyses were performed using the SPSS statistical package, version 19.0 (SPSS, Chicago, IL).
Results
53.7% of type 2 diabetic patients were considered to have LTPA. However, only about half (24.7%) of them had adequate amount of LTPA. Table 1 summarizes the basic characteristics of type 2 diabetic patients in different PA groups. Those who had LTPA had lower BMI but longer diabetes duration and were older. In males with adequate LTPA, they were less likely to smoke, chew betel-nut and drink alcohol. And they were more likely to perform Self-Monitoring of Blood Glucose (SMBG). There were no differences of stroke and Coronary Artery Disease (CAD) among different PA groups. Table 2 showed overall and sex differences of metabolic parameters among different LTPA groups. In general, those with adequate LTPA had better metabolic indexes like lower hemoglobin A1C level, lower diastolic blood pressure, lower triglyceride level, lower GPT and higher HDL level. In male subjects, the difference is more prominent than in female subjects. In female subjects, adequate LTPA demonstrated liver profile decrease only.
We used 2011 Compendium of physical activities codes to evaluate intensity of physical activities. In lower LTPA group, their mean METs are 2.8 ± 0.7 in male group and 2.6 ± 0.4 in female group, P = 0.000. Their MET min/week did not show significant difference (male: 359.8 ± 150.5, female: 375.6 ± 156.7). In adequate LTPA group, mean METs are 3.4 ± 1.1 in male and 3.1± 1.0 in female, P = 0.000, MET min/week are 1303.7 ± 792.4 (38.5) in male group, 1188.6 ± 757.7 (39.01) in female group respectively, P = 0.036 . Table 3 showed he medication used among different PA groups. The glycemic treatment regimen including insulin therapy didn't show significant difference between groups. However antihypertensive agents were used more frequently in LTPA groups and fibrate drugs were used less frequently in LTPA groups. Table 4 demonstrated the correlation between exercise volume and intensity versus metabolic risk factors in type 2 diabetes. It showed that exercise volume presented by MET min/ week correlated with A1C reduction, diastolic blood pressure lowering and triglyceride, creatinine decreased significantly. Exercise intensity presented by MET of each exercise did not correlate with glycemic control. This correlation was more prominent in male subjects.
Discussion
The results of our study demonstrate metabolic benefits of adequate LTPA in type 2 diabetic patients. They have significantly better glycemic and diastolic blood pressure control, lowered levels of triglyceride and GPT and higher levels of HDL-C. The beneficial effects seemed more prominent in male diabetic patients, as compared to female diabetes. In our study the improved glycemic control was seen only in male diabetic patients. Though several intervention studies of small number and variable duration in the past showed that exercise of more than light to moderate intensity may be effective in improving glycemic control [10, 11] , they did not investigate sex differences. In Boul's meta-analysis [10] , exercise intensity is positively correlated with glycemic control but exercise volume was not. Another systemic review with meta-regression analysis showed supervised aerobic exercise volume is associated with A1c reduction while exercise intensity is not [12] . In IDES study, 
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* P < 0.05 adequate exercise volume improved metabolic control even with low intensity exercise [13] . In our study, male patients had significantly higher exercise intensity and exercise volume, which is expected. A correlation analysis showed that exercise volume is negatively association with A1C more significantly than exercise intensity, which result is compatible with previous studies. In female subjects, if exercise volume is extrapolated to be over 800 METmin/week, significant A1C reduction is expected.
Adequate physical activity group also had lower BMI and waist circumference, which is consistent with the results of previous studies [14] , except one previous meta-analysis [10] that did not show structured exercise, had significant BMI impact.
Lower TG and higher HDL-C were seen more frequently in adequate exercise group especially in male. This might be explained by the following reasons. First, exercise improves insulin sensitivity [6] , which is instrumental in ameliorating the unfavorable lipid profiles. Second, the adequate physical activity group at baseline might have lower waist level and BMI, which were known to be associated with lower TG level and HDL-C elevation. Third, in male diabetes the prevalence of smoking and alcohol drinking were significantly lower, which were expected to contribute to HDL-C elevation and TG lowering. Patients in adequate physical activity group also have significantly lower GPT level. Though we did not further elucidate the cause, there are reports indicating the benefit of exercise on liver fat reduction [15] .
Recent opinion from Sports Medicine highlights the potential health benefits of standing and light-intensity activities [16] . In our study, we found the intensity of females' exercise tends to be lighter than males'. It is possible that their intensity and volume need to be increased in order to achieve metabolic profiles, especially glycemic control.
In this study, in male diabetic patients with adequate exercise, they also had better lifestyle like less smoking, less alcohol drinking and more self-monitoring of glucose. These factors all contribute to better metabolic outcomes. Exercise seemed to be a marker of self-discipline in male but not in female.
It is an interesting phenomenon that those who are older and with longer diabetes duration have more adequate leisure time physical activities. This might reflect their increased awareness of the importance of exercise on the management of diabetes or simply is due to the fact that they have more spare time to do that. Additionally, it might seem paradoxical at first glance that their hemoglobin HA1C is lower than those who are younger and Our study has some limitations. First this is a cross-sectional survey, not a prospective study, which carries its intrinsic limitation, i.e. it is hard to infer cause-effect relationship. Second, our physical activity was asked by questionnaire which includes leisure-time physical activity only. Underestimation of physical activity might be present in three groups, especially in sedentary group, who are much younger and are expected to more physically active during work. Within this group, they possibly might have more manual labor, which was not considered as leisure time physical activity. If this is true, the benefits of exercise is obscured rather than exaggerated with our analysis.
Conclusions
Our data showed that 53.7% patients with type 2 diabetic patients have LTPA, but only 24.7% have adequate LTPA. Overall, adequate exercise group was older and had longer diabetes duration than non adequate exercise group. Better metabolic indexes were seen in male adequate physical activity subjects, but not in female counter parts. They also had better lifestyle habits which were not present in female subjects. Exercise intensity and volume were higher in male subjects too. To increase metabolic benefits from low intensity LTPA, increase of exercise volume is possibly useful.
